Introduction
============

Human tissues are an important biological material for the discovery of biomarkers and identification of novel therapeutic targets. Formalin fixed and paraffin-embedded (FFPE) tissue represents the most abundant supply of archival material for clinical and molecular analyses. FFPE is the standard-processing methodology practiced in histopathology laboratories worldwide, resulting in a highly stable and easily stored form of tissue. Although FFPE preserves the cellular and architectural morphologic details in tissue sections, it alters and fragments nucleic acids. It also impairs the extraction efficiency and quality of DNA, and more strikingly, RNA, preventing molecular analyses \[[@b1]\]. In addition, as a highly reactive dipolar compound, formalin facilitates the formation of protein--protein cross-links *in vitro,* and it renders FFPE tissues refractory to many protein studies.

Recently, Palmer-Toy *et al.* and Crockett *et al.* reported suitable alternatives for protein studies from formalin fixation, and Becker *et al.* described the commercialized Qproteome FFPE tissue kit as an optimal solution for proteomic analyses of formalin-fixed tissues \[[@b2]--[@b5]\]. These approaches represent new improvements for FFPE tissue exploitation. However, they are only appropriate for a restrictive number of proteomic methodologies, precluding routine western blot or bi-dimensional electrophoresis analyses of protein expression. Moreover, protein modifications induced by formalin would render many proteins unidentifiable or lead to misidentifications, thus hindering reproducible quantification of proteomic analysis \[[@b5]\]. Although immunohistochemistry lacks sensitivity and quantification, it possesses the more useful capability of providing proteomic information from these samples. Unfixed fresh or snap-frozen tissues could represent an ideal alternative, allowing for complete molecular analyses, but does not provide accurate morphological details and may impair histological diagnosis.

Alternative tissue fixation procedures are critical to preserving the morphologic details, DNA, RNA and proteins of tissue. Methacarn, a solution of methanol, chloroform, and acetic acid, is a non-cross-linking organic solvent that was used to maintain tissue morphology and preserve nucleic acid and protein integrities \[[@b6], [@b7]\]. Interestingly, methacarn-fixed tissues have been successfully used for quantitative expression analysis of mRNAs after microdissection \[[@b8]\]. Morales *et al.* and Vincek *et al.* described UMFIX, a mixture of methanol and polyethylene glycol, with properties similar to Methacarn. Also, FineFIX has been proposed for standard molecular analysis \[[@b9]--[@b11]\]. Although these fixatives are appropriate for DNA or RNA analysis, the related procedures have been poorly investigated in the proteomic fields. In a previous study, we have shown that a new fixative, RCL2, protects tissue morphology, DNA, and RNA \[[@b12]\]. The aim of this study was to assess the feasibility of proteomic investigations on RCL2-tissue embedded using a comprehensive panel of proteomic methods.

Materials and methods
=====================

Tissue Samples
--------------

Two normal colonic mucosa samples were obtained following colostomy by the Department of Pathology (Montpellier). One part of the tissue was fixed in NBF (Neutral buffered formaldehyde, 4%) for 24 hr at room temperature (RT), dehydrated and paraffin embedded using a TissueTek VIP automated processor (Bayer HealthCare Diagnosis Division) according to the standard protocol used for diagnosis. The remaining tissue was divided in two samples. One sample was immediately snap-frozen in liquid nitrogen and stored at (80°C. The other sample was fixed overnight at 4°C in RCL2 (Alphelys, plaisir, France) before paraffin embedding. This protocol consisted of dehydration in ethanol (4 baths, 37°C, 4.25 hr total time), followed by xylene (3 baths, 37°C, 3.5 hr total time) and paraffin-immersion (4 baths, 58--59°C, 4.25 hr total). FFPE tissue was conserved at RT, and RCL2 paraffin (RCL2P) blocks were maintained at--20°C.

Protein extraction
------------------

Three 10-μm-thick sections from frozen, FFPE and RCL2P tissues were cut directly from the blocks into a 1.5 ml tube. Paraffin-embedded tissue sections were de-waxed by three 5-min extractions in 100% xylene at RT prior two washing with 100% ethanol. Proteins were extracted 20 min at +4°C in 150 μl of:

1.  lysis buffer from protocol A: 50 mM Tris-HCI buffer, pH 7.5, containing 7 M urea, 2 M thiourea, 2% CHAPS, 1% Mega, 0.5% Triton X 100 1%OGP and 50 mMDTT,

2.  lysis buffer from protocol B: 7 M urea, 2 M thiourea, 4% CHAPS andlM DTT,

3.  lysis buffer from protocol C: 50 mM Tris-HCI buffer pH 7,5 containing 150 mM NaCI, 0,5% Triton X-100 and 0,5% deoxycholate.

All buffers contained a mixture of protease inhibitor cocktail (Complete, Roche Diagnostics).

Protein extracts were clarified at 15,000 g for 15 min at 4°C, and super-natants were recovered for subsequent proteomic analysis.

For protocol D, proteins were extracted using Qproteome FFPE Tissue Kit -- Qiagen according to the manufacturer\'s protocol.

Protein assay
-------------

Protein concentration was measured using EZQ Protein quantitation kit (Molecular Probes) according to the manufacturer\'s protocol. We have used the tissue size as a normalization factor as all of the tissue sections showed approximately identical dimension (0.5 cm^2^ with 10 μm thickness). Protein concentration was expressed as μg/cm^2^ of tissue. Three replicates were conducted, and the performance of protein extraction protocols was evaluated.

One- and two-dimensional electrophoresis (1 and 2-DE) analysis
--------------------------------------------------------------

For 1-DE, 10 μg of protein were precipitated and re-suspended in loading buffer. Electrophoresis was conducted on a 12%-SDS polyacrylamide gel, and silver staining was performed according to Shevchenko\'s procedure \[[@b13]\].

2-DE reagents and materials were purchased from GE Healthcare. Protein extractions from both FFPE and RCL2P samples were performed using protocols A and D, whereas for frozen samples, proteins were extracted only with protocol A. Nucleic acids, lipids and salts were removed with the 2-DE Clean-Up Kit. Proteins (150 μg) were solubilized in 350 μl of isoelectrofocusing medium, as previously described \[[@b14]\]. For the second dimension, the strips were loaded onto vertical 10--17% SDS polyacrylamide gradient gels prior to silver staining. Spot detection and gel alignment were performed with the Image Master 2D Platinum software. For protein identification, spots were excised from 2D gels, digested with trypsin (Gold Promega) as previously described \[[@b15]\]. Digest products were completely dehydrated in a vacuum centrifuge and re-suspended in 10 μl formic acid (2%), desalted using ZipTips C18 (Millipore), eluted with 10 μl acetonitrile-trifluoroacetic acid (ACN-TFA) (50--0.1%) and concentrated to 2 pi. Aliquots (0.5 pi) were mixed with the same volume of a-cyano-4-hydroxy-*frans*-cin-namic acid (Laserbiolabs, 10 mg/ml in ACN-TFA, 50--0.1%) before applying samples to target plates and analysed by the matrix-assisted laser desorption ionization-tandem time-of-flight (MALDI-TOF/TOF) method using the 4800 *Plus* MALDI T0F/T0F^(TM)^ Analyser (Applied biosystems). Identification of proteins was performed using the MASCOT software (version 2.1, Matrixscience) against the Swiss-Prot database. MASCOT score greater than 63 was considered significant (*P*\<0.01) for Swiss-Prot database interrogation.

Western-blot
------------

30 μg of protein extracts were loaded onto a 12% polyacrylamide separating gel. After protein transfer, PVDF membranes were blocked and incubated overnight at 4°C with several antibodies: mouse monoclonal anti-E-cadherin (1:2500, BD transduction Laboratories), anti-α-tubulin (1:10000, Sigma-Aldrich), rabbit polyclonal anti-Sp1 (1:500, Santa Cruz Biotechnology, Inc) anti-phospho-MEK1/2 antibodies (1:1000, Cell Signaling Technology), and anti-phospho-p44/42 MAP kinase antibodies (Thr202/Tyr204) (1:1000,Cell Signaling Technology). The peroxidase-conjugated secondary antimouse IgG (Jackson ImmunoResearch, Laboratories) or antirabbit IgG (Santa Cruz) antibodies were diluted at 1:5000. The blots were developed using SuperSignal West Pico Chemiluminescent Substrate Kit (Pierce) and Hyperfilm ECL (Amersham).

Laser capture microdissection (LCM)
-----------------------------------

LCM of frozen and RCL2P tissues were performed using the PixCell II LCM system (Acturus Engineering). Briefly, 7-μm-thick sections were stained according to the manufacturer\'s protocol. The staining do not modified tissue architecture. Paraffin-embedded tissue sections were de-paraffinized before staining in 100% ethanol and stored in a desiccated container for at least 15 min. before LCM. For each analysis, 500--1500 colon cells were laser-captured from the same tissue. Microdissection efficiency was assessed by examining cells present on the LCM cap. Microdissected cells were immediately lysed (protocol A) prior to SELDI analysis.

Histology and immunohistochemistry
----------------------------------

4-μm-thick sections of FFPE and RLC2P tissues were de-paraffinized with xylene and re-hydrated with several graded ethanols before Haematoxylin-Eosin-Saffron staining or immunohistostaining. Immunohistochemical analyses were performed by using the Dako autostainer (Dako). According to the tested antibody, and whenever needed, tissue sections were treated for 45 min at 95°C with citrate or ethylenediaminetetraacetic acid for antigen retrieval. Slides were treated with a peroxidase inhibitor (Dako) for 10 min. to quench the endogenous peroxidase activity. The detection of the antibody binding was visualized, either with the streptavidin--biotin peroxidase complex (LSAB™ 2, Dako) or with a peroxidase-conjugated polymer backbone (Envision™+ dual link, Dako) using diaminobenzidine as a chromogen. The sections were then counterstained with haematoxylin. Antibodies and staining conditions are listed in Table [1](#tbl1){ref-type="table"}. Same E-Cadherin and phosphorylated-MAPK/extracellular signal-regulated kinase (p-MEK) antibodies were used for both western blot and immunohistostaining.

###### 

Sources and methods for the antibodies used.

  Antibody (clone)                Source            Immuno-localization   Fixative         Pre-treatment   Dilution (incubation time)   Detection
  ------------------------------- ----------------- --------------------- ---------------- --------------- ---------------------------- -----------
  hMLH1 (G168-15)                 BD Bio sciences   nuclear               NBF              EDTA pH9        1/30 (90 min.)               Envision
  RCL2 R                          EDTA pH9          1/100 (30 min.)       Envision                                                      
  Cytokeratin AE1 AE3 (AE1/AE3)   Dako              Cytoplasmic           NBF              Citrate pH6     1/100 (45 min.)              LSAB2
  RCL2 R                          Citrate pH6       1/100 (45 min.)       LSAB2                                                         
  E-Cadherin (36)                 BD Bio sciences   Cell membrane         NBF              Citrate pH6     1/500 (45 min.)              LSAB2
  RCL2 R                          Citrate pH6       1/500 (45 min.)       LSAB2                                                         
  p-MEK (rabbit polyclonal)       Cell signaling    Cytoplasmic and       NBF              Citrate pH6     1/500 (60 min.)              Envision
  nuclear                         RCL2 R            Citrate pH6           1/50 (90 min.)   Envision                                     

Mass spectrometry analysis
--------------------------

For ProteinChip array binding, CM10 surfaces were equilibrated with binding buffer (100 mM Na Acetate, pH 4). Six micrograms of total protein extracts (protocol A), or 500 and 1500 cells from LCM tissues, were loaded on each spot. After 30 minutes, the arrays were washed three times with binding buffer for 5 min, and then twice with water. Sinapinic acid solution was applied twice to each spot, as an energy-absorbing matrix. Arrays were read on a PBS II ProteinChip reader, and peak detection was performed using the ProteinChip and Biomarker Wizard software (Ciphergen Biosystem). Automatic peak detection was performed in the range of 2.5--50 kD, with a signal-to-noise ratio cut-off at 4 for the first pass and 2 for the second pass, and a cluster mass window at 0.5% of mass.

Results
=======

Proteins can be efficiently extracted from RCL2P tissue
-------------------------------------------------------

To reliably extract high amounts of non-degraded, full length and immunoreactive proteins, including membrane proteins and low-abundance proteins, four extraction methods were initially used (Table [2](#tbl2){ref-type="table"}). Quantitative comparisons of extracted proteins from RLC2P, FFPE and frozen tissues revealed that protocol A, which contains a combination of non-ionic detergents, gave significantly greater protein yields than either protocol B or the more commonly used protocol C in both colon tissue samples. Surprisingly, protocol D, which corresponds to the commercialized kit, does not substantially increase the quantity of protein extract, even with FFPE tissues, as previously described \[[@b2]\]. Overall, protein yield obtained from frozen tissue was found to be lower than from RCL2P, regardless of which extraction protocol was used. No protein yield could be measured in FFPE tissue, except with protocol D.

###### 

Protein yield from RCL2P, FFPE and frozen tissues using four protein extraction protocols. Values are the means of three independent experiments with standard deviations in parentheses.

  Protocol   Protein yield (μg/cm^2^)/tissue section                                                           
  ---------- ----------------------------------------- ------------- ------------- ------------- ------------- -------------
  A          9.16 (1.49)                               ND            1.28 (0.44)   7.11 (3.61)   ND            0.59 (0.12)
  B          3.75 (2.33)                               ND            0.87 (0.14)   4.81 (0.97)   ND            0.91 (0.15)
  C          0.07 (0.06)                               ND            0.57 (0.10)   0.16 (0.07)   ND            0.48 (0.06)
  D          2.9 (0.83)                                0.36 (0.05)   1.04 (0.27)   2.26 (0.54)   1.26 (0.54)   0.64 (0.2)

RCL2P and frozen tissues revealed similar protein profiles on 1-DE and 2-DE gels
--------------------------------------------------------------------------------

The overall protein profile extraction was evaluated, for each extraction protocol and tissue storage, by 1-DE analysis and sensitive silver staining. Representative pictures from replicated experiments are shown in Figure [1](#fig01){ref-type="fig"}. No major difference in the protein pattern was observed between protocols A, B or C in the range of 25--250 kD. Distinct bands were observed with both frozen and RCL2P samples, whereas no protein pattern could be detected using FFPE material. However, protocol D, which gave low-protein yield, showed typical aggregated profiles, revealing the poor quality of protein extraction. Using breast and prostate tissue samples, we also observed a similar protein pattern between RCL2P and frozen tissues (data not shown).

![SDS-PAGE gels of extracted proteins from formalin and RCL2-fixed paraffin-embedded tissues compared to frozen colonic tissues. Proteins were extracted using protocols A (A), B (B), C (C) and Qproteome FFPE kit (D).](jcmm0012-2027-f1){#fig01}

Protein profiles were then extensively analysed using 2-DE gels and silver staining. Protocol A showed the best protein yield and was thus chosen for protein extraction of FFPE, RCL2P and frozen tissues. Proteins, from both FFPE and RCL2P materials, were also extracted using the Qproteome FFPE kit (protocol D). The FFPE protein extraction with protocol A showed a degraded pattern without any distinct spots, confirming the unsuitability of formalin-fixed tissue for 2-DE analysis (Fig. [2A](#fig02){ref-type="fig"}). Proteins extracted using protocol D did not increase the protein yield (Fig. [2B](#fig02){ref-type="fig"}), and gave similar results to RCL2P tissue processing (Fig. [2D](#fig02){ref-type="fig"}). Frozen tissue showed excellent protein quality and quantity, as expected, with a mean number of 600 detected spots (Fig. [2E](#fig02){ref-type="fig"}). Interestingly, RCL2P tissue revealed the same pattern, with a mean number of 500 proteins spots (Fig. [2C](#fig02){ref-type="fig"}). In addition, when compared to proteins extracted from frozen tissues, protein mass and *p*/from RCL2P tissues were not affected by the tissue-processing method, though some spots did appear slightly fuzzy. Finally, we were able to identify several protein spots extracted from RCL2 tissue separated onto 2-DE gel by mass spectrometry. Figure [3](#fig03){ref-type="fig"} showed the mass spectra obtained from one of these spots using MALDI-TOF/TOF method. We identified the heat shock protein β-1 by mass spectrometry analysis and confirmed this result by direct sequencing of tryptic peptides in both RCL2P and frozen samples. Too more proteins (Fig. [2C](#fig02){ref-type="fig"} and [D](#fig02){ref-type="fig"}, circle 2 and 3) were also identified as proteasome activator complex subunit 2 and the lactate dehydrogenase B chain.

![Representative silver stained two-dimensional electrophoresis maps obtained from FFPE tissues (panels A and B), RCL2P tissues (panels C and D), and frozen colonic mucosa tissues (panel E). Proteins were extracted using either protocol A (panels A, C, E) or protocol D (panels B and D). On panels C and E, the selected protein spots cut from the gels and analysed by MALDI TOF/TOF method were indicated.](jcmm0012-2027-f2){#fig02}

![MS analysis of spot 1 excised from 2-DE gels obtained from RCL2P and frozen tissues respectively were presented on panel A, and the two subsequent MS/MS analysis of the 1783.92 kD protein peak are shown on panel B. Via Swiss-Prot database searching the Heat Shock protein β-1 (accession number P04792, theoretical pl value 5.98 and theoretical Mr 22826 Da) was identified. Mascott scores obtained were 74 and 71 for protein extracted from RCL2P and Frozen maps, respectively and the sequence coverage were 54 and 76%. The two MS/MS spectra of m/z 1783.92 generated a partial y ion series which led to the identification via Swiss-Prot database search of VSLDVNHFAPDELTVK from Heat Shock protein beta-1.](jcmm0012-2027-f3){#fig03}

RCL2 allowed detection of different cellular localization and post-translationally modified proteins by western-blot
--------------------------------------------------------------------------------------------------------------------

To evaluate RCL2P tissue for protein expression, proteins with different cellular localization and after translational modifications were analysed by western-blot (Fig. [4](#fig04){ref-type="fig"}). Membrane E-cadherin, cytoplasmic α-tubulin, and nuclear Sp1 protein expressions were similar between RCL2P and frozen tissues (Fig. [4A](#fig04){ref-type="fig"}). Phosphorylated MAPK/extracellular signal-related kinase (MEK) and p44/42 mitogen activated protein kinase (MAPK) were also detected by immunoblot in both tissues (Fig. [4B](#fig04){ref-type="fig"}). In agreement with our previous experiments, no signal could be detected in FFPE tissue using protocol D, which was then excluded from all further proteomic investigtions.

![Western blot performed using antibodies against E-cadherin, Sp1, α-tubulin, phospho MEK 1/2, phospho-p42 and phospho-p44 MAPK using protocol A extraction on two colonic mucosa tissue samples (A). Western blot performed using Sp1 and α-tubulin antibodies on proteins extracted using protocol D, compared to protocol A, of one colonic mucosa tissue sample (B).](jcmm0012-2027-f4){#fig04}

RCL2P tissue was suitable for morphological and immunohistochemical analyses
----------------------------------------------------------------------------

We next analysed tissue morphology and immunohistochemical reactivity of colon tissue after fixation and paraffin-embedding using either formalin or RCL2 fixatives. RCL2 clearly preserved tissue integrity compared to the reference fixative of formalin (Fig. [5A](#fig05){ref-type="fig"} and [B](#fig05){ref-type="fig"}).

![Morphology and immunohistochemical staining of hMLH1, cytokeratin AE1/AE3 and E-cadherin of normal colonic mucosa fixed with formalin and RCL2 on the left and right panels, respectively. HES stained sections (A, B); nuclear hMLH1 (C, D); cytoplasmic cytokeratin AE1/AE3 (E, F); membrane E-cadherin (G, H) and cytoplasmic and nuclear phospho-MEK (I, J) immunoreactivities are presented. Original magnification x 400. For panels A and B, original magnification x100, insets x400.](jcmm0012-2027-f5){#fig05}

We then performed immunohistochemistry to compare antigen integrity and accessibility in both formalin and RCL2-fixed tissues. RCL2 fixative required optimization of the immunostaining procedures *(i.e.* antibody concentration dilutions), likely due to better antigenic preservation and accessibility. Immunoreactivities for various antibodies, including hMLH1 (Fig. [5C](#fig05){ref-type="fig"} and [D](#fig05){ref-type="fig"}), cytoker-atin AE1/AE3 (Fig. [5E](#fig05){ref-type="fig"} and [F](#fig05){ref-type="fig"}), E-cadherin (Fig. [5G](#fig05){ref-type="fig"} and [H](#fig05){ref-type="fig"}) and phospho-MEK (Fig. [5I](#fig05){ref-type="fig"} and [J](#fig05){ref-type="fig"}), were similar in RCL2P samples, as compared to FFPE tissue.

Whole and laser-microdissected RCL2P tissues allowed mass spectrometry profiling
--------------------------------------------------------------------------------

To assess the effect of RCL2 on protein integrity and its compatibility with mass spectrometry analysis, whole frozen and RCL2-fixed tissues were analysed by surface-enhanced laser desorption/ionization (SELDI). Total protein extracts were loaded onto CM10 arrays, and SELDI profiles were obtained in duplicate for each sample. Figure [6A](#fig06){ref-type="fig"} shows the spectrum of proteins retained on the CM10 arrays for both conditions. In the 2--50 kD range, 85 protein peaks were detected in frozen tissues, as already described \[[@b16]\]. As expected, the number of protein peaks in RCL2P tissue was similar to that detected in frozen tissue, with a mean of 81 peaks detected in the same mass range (Fig. [6A](#fig06){ref-type="fig"}). Of note, the observed peaks were at the same position in the frozen and RCL2P samples, suggesting good protein preservation. Similar results were obtained with different surface arrays, such as H50, Q10 or immobilized metal affinity chromatography (IMAC) (data not shown).

![Mass spectrometry analysis of proteins extracted from whole RCL2P compared with frozen normal colonic tissue (A). LCM and mass spectrometry analysis of proteins extracted from 500 and 1500 cells from RCL2-fixed and frozen tissues (B).](jcmm0012-2027-f6){#fig06}

LCM with ProteinChips analysis was then performed. Areas corresponding to 500 or 1500 cells were excised and lysed using protocol A. Five hundred cells from frozen and RCL2P tissues were sufficient to detect more than 59 and 56 peaks, respectively. However, with 1500 cells, up to 80 protein peaks were detected with higher intensities (Fig. [6B](#fig06){ref-type="fig"}). By limiting cell numbers and increasing the reproducibility of protein profiles, RCL2P usefully displayed a sufficient number of peaks for differential expression analysis.

Discussion
==========

FFPE tissue has been used for decades for tumour diagnosis and staging *via* light microscopic evaluation. Most tissues stored in hospitals and clinical laboratories across the world are then fixed in formalin, enabling retrospective biomarker investigation \[[@b17]\]. However, major drawbacks exist concerning FFPE tissue storage and fixation. First, formalin does not allow reproducible nucleic acid analysis, since it alters and fragments nucleic acids, and also impairs the extraction efficiency and quality of both DNA and RNA \[[@b6], [@b18]--[@b20]\]. Second, formalin leads to chemical reactions in tissues, such as the formation of methylenic bridges between protein side chains \[[@b21]\], rendering formalin fixation processes inappropriate to high-quality protein extraction, and more generally to proteomic investigations \[[@b22]\]. Thus, immunohistochemistry represents the only approach for elucidating protein expression and cellular localization in specific cellular populations \[[@b23]\], though with very poor absolute quantitative information \[[@b24], [@b25]\]. Third, formalin is an extremely toxic fixative; re-exposure by nasal, oral or dermal routes is a human health risk, with outcomes ranging from minor irritation of the eyes, nose and throat, to more severe complications including dysphagia, bronchitis, pneumonia and squamous cell carcinoma of the nose and pharynx \[[@b26]--[@b28]\]. RCL2, a promising new fixative, has great potential for concomitantly performing morphological and molecular analyses on the same tissue sample. We previously demonstrated that the analyses of RCL2P human breast tumour samples were highly suitable for tissue morphology, DNA preservation and RNA preservation, even after several months of tissue storage \[[@b12]\].

The aim of our study was to demonstrate that RCL2 was also suitable for proteomic analysis, providing RCL2P tissue as an alternative source of archival clinical material for biomarker investigations. We showed that the highest protein yield was obtained from RCL2P tissue, with different protein yields depending on the extraction protocols. The difference observed in protein yields with RLC2P versus the gold standard of frozen tissue can be largely explained by tissue retraction, which is usually observed with an ethanol-fixative reagent \[[@b29]\]. However, this effect did not impair the global tissue architecture, nor the cellular details of the tissue analysed. For RCL2P and frozen tissues, comprehensive protein preservation was confirmed from gel electrophoresis results with highly similar patterns. Western-blotting clearly revealed that RCL2 fixation associated with extraction protocol A enabled the recovery and detection of membrane, cytoplasmic and nuclear proteins. To our knowledge, this is the first demonstration of a fixative that enables the detection of after translational modifications, such as phosphorylation, suggesting that RLC2P induces limited or no alterations in protein structure. Moreover, since immunohistochemistry was performed using diluted antibody concentrations, the protein epitopes were rendered more accessible in RCL2P tissue.

Using the Qproteome FFPE kit, Becker *et al.* have shown that they were able to detect membrane, cytoplasmic and nuclear proteins by reverse phase protein microarray \[[@b2]\]. Surprisingly, using the same protocol, we observed a completely degraded protein profile on 1-DE and 2-DE gels (Figs [1](#fig01){ref-type="fig"} and [2](#fig01){ref-type="fig"}). Nuclear and cytoplasmic proteins, such as Sp1 and α-tubulin, could not be detected by western-blot (Fig. [4B](#fig04){ref-type="fig"}). Other recent studies developed conditions for formalin-tissue proteomic analysis based on a 'bottom-up' strategy for protein identification in FFPE samples, using trypsin digestion and a subsequent 'shotgun' liquid-chromatography-mass spectrometry (LC-MS) for protein identification \[[@b5], [@b22], [@b25], [@b30]\]. Although these approaches are relevant, one may be concerned by the possibility of introducing biases related to the effects of formalin on protein extraction and MS analysis. Particularly, some protein modifications can render them unidentifiable or misidentifiable using the LC-MS approach \[[@b5]\]. Interestingly, when we performed protein array mass spectrometry analysis on RCL2P, no differences in the protein peak positions were observed between frozen and RCL2P samples, suggesting appropriate preservation of these proteins without any mass modification. In conclusion, although FFPE-tissue archives enable retrospective proteomic analysis, as well as the discovery of new diseases or therapeutic markers, formalin does not represent the ideal fixative. It is necessary to modernize pathology and propose new alternatives for tissue archival. New fixatives should be designed to preserve histomorphologic features, similar to those seen in FFPE material, while protecting DNA, RNA, and protein in a manner comparable to fresh-frozen tissue. In our study, we performed a careful evaluation of RCL2 fixative using paraffin-embedded tissue samples and found that it possesses high performance regarding histomorphology and protein preservation, including protein extracted from microdis-sected tissue samples. In addition, analysis of 8-year old tissue sections showed that no morphological detail and protein degradation were seen by microscopic observation and immunohistochemistry, respectively, which strongly supports its use in long-term tissue storage (data not shown). According to previous results, we believe that the non-toxic and non-volatile reagent, RCL2, represents an easy-to-use alternative to FFPE, since it simultaneously protects the histomorphology and the integrity of macromolecules.
